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PSF misestimation

3

Lensing pipelines attempt to invert this transformation.

Misestimating PSF size or shape leads to biased galaxy shape inferences.

misestimating the PSF 
ellipticity stretches or  

squashes galaxy

misestimating the PSF 
size messes up the  

inferred galaxy “roundness”

True galaxy gets convolved with PSF; 
makes observed galaxy shape bigger and (generally) rounder.

“half-light” ellipses
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PSF parameter definitions

4

Second moments:
Iµ⌫ =

1

flux
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Some sources of PSF misestimation

• Chromatic effects

- PSF depends on wavelength

- Measure PSFs from stars with stellar SEDs.

- But! PSF affecting galaxy is derived from a galactic SED.

6
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(same math is relevant for non chromatic effects too!)

• tree-rings

• chip edge effects

• brighter-fatter
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Example: brighter fatter effect

7

• For LSST:

• r2gal ~ (0.3 arcsec)2 = 0.09 arcsec2

• IPSFxx ~ 0.12 arcsec2 => ΔIPSFxx ~ 0.0012 arcsec2

• => m ~ 0.027

• compare to mreq ~ 0.003
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Toy model for chromatic CCD PSF effects

8

IPSFµ⌫ (�) = IPSF,telescope+atm

µ⌫ + IPSF,CCD

µ⌫ (�)

Let CCD be chromatic,
but fix atmosphere and telescope to be achromatic.
(not realistic, but useful for isolating CCD effects).
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Toy model for chromatic CCD PSF effects

8

IPSFµ⌫ (�) = IPSF,telescope+atm

µ⌫ + IPSF,CCD

µ⌫ (�)

Let CCD be chromatic,
but fix atmosphere and telescope to be achromatic.
(not realistic, but useful for isolating CCD effects).

IPSF,e↵µ⌫ =

1

flux

Z
IPSFµ⌫ (�)R(�)S(�)� d�

spectrumfilter

Compute “effective” PSF for a given spectrum/filter.

Moffat w/ FWHM ~0.65 arcsec
Ixx ~ 0.12 arcsec2

Gaussian w/ FWHM ~0.19 arcsec
Ixx ~ 0.0065 arcsec2
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Toy model — wavelength-dependent size

9

Set β+ such that CCD PSF FWHM is 10% smaller at blue edge 
of r-band filter than at red edge.

wavelength

IPSF,CCD
xx

(�) = IPSF,CCD
xx

(�0) + �+ (�� �0)

IPSF,CCD
yy (�) = IPSF,CCD

yy (�0) + �+ (�� �0)

Works out to about 1x10-5 arcsec2/nm 
or d(FWHM)/dλ ~ 0.14 mas/nm

scope 
+ 

atm
CCD
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Toy model — wavelength-dependent size

10

knowing m to this precision will result  
in sys=stat for LSST (for this effect).

d(FWHM)/dλ~0.14mas/nm
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Toy model — wavelength-dependent ellipticity

11

Set β- such that CCD PSF ellipticity is -0.1 at blue edge
and +0.1 at red edge.

wavelength

IPSF,CCD
xx

(�) = IPSF,CCD
xx

(�0) + �� (�� �0)

IPSF,CCD
yy (�) = IPSF,CCD

yy (�0)� �� (�� �0)

Works out to about 1x10-5 arcsec2/nm (same as before)
or de1/dλ ~ 0.0014 / nm

scope 
+ 

atm
CCD
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keeping the standard deviation of c 
below this level will guarantee sys < stat 

 for LSST (for this effect).

Toy model — wavelength-dependent ellipticity
d(e)/dλ~0.0014/nm
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Source of CCD chromaticity

13
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2. QUANTUM EFFICIENCY 
 
We distinguish here between internal QE, the device efficiency after light enters the detector, and total QE, which 
includes reflection losses due to dielectric mismatch. Our focus in this paper is on internal QE. 
 

2.1 Absorption length in silicon 
The absorption length is defined as the depth at which the light intensity falls to 1/e of the original incident intensity. 
We adopt the empirical model of Rajkanan [1] to find the absorption length of silicon as a function of wavelength and 
temperature [Fig. 1]. Note that absorption length increases rapidly for photon energies near the band gap of silicon 
(about 1000 nm). There is also a strong increase of absorption with temperature, especially in the red, since transitions 
near the indirect band gap must be phonon-assisted to conserve momentum. 
  
 
 

 
Figure 1. Absorption length in silicon, after Reference [1]. Long-wavelength absorption length is strongly temperature-

dependent. 

2.2 Quantum efficiency 
The LSST specifications for total quantum efficiency are as follows [2]: 
 

Table 1. LSST quantum efficiency requirements 

Wavelength Quantum Efficiency 
 Allowable Target 
400 nm 55% 60% 
600 80 85 
800 80 85 
900 60 85 
1000 25 45 

Proc. of SPIE Vol. 6276  62761W-2

LSST sensor thickness

g r i z

u

y

O’Connor++06
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Spread in projected photo-conversion location

14

Blue photons 
convert immediately

Redder photons 
convert further 
into the Silicon

cartoon 
for blue filter

cartoon 
for red filter

(ignoring refractive 
index of silicon)
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Phosim: PSF size (with and without sensor)

15

pi
xe

ls

open = atm+scope+sensors
closed = atm+scope

Use grid of  
monochromatic stars
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Phosim: PSF size (sensor contribution only)

16

pi
xe

ls i-band: d(FWHM)/dλ ~ 0.7 mas/nm
(recall toy had 0.14 mas/nm)

z-band: d(FWHM)/dλ ~ 3.7 mas/nm
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Ellipticity increases at edge of field as beam tilts.

17

Also, reflections off front-side

cartoon 
off-axis 
beam

(ignoring refractive 
index of silicon)
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Phosim: PSF ellipticity (with and without sensor)

18

radial/tangential component

open = atm+scope+sensors
closed = atm+scope
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Phosim: PSF ellipticity (sensor contribution only)
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radial/tangential componentradial/tangential component

i-band: de1/dλ~0.0011/nm
(recall toy had 0.0014/nm)

z-band: de1/dλ~0.0014/nm
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Phosim: sensor PSF ellipticity - no 45 degree component.

20

45-degree component
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Misregistration bias - First moments matter too!



Josh Meyers - Stanford UniversityPACCD2014 12/05/2014 21

Misregistration bias - First moments matter too!



Josh Meyers - Stanford UniversityPACCD2014 12/05/2014 21

Misregistration bias - First moments matter too!

Fluctuations in the 
relative astrometry of 
stars and galaxies 
leads to blurred 
stacked galaxy 
image.



Josh Meyers - Stanford UniversityPACCD2014 12/05/2014 21

Misregistration bias - First moments matter too!

Fluctuations in the 
relative astrometry of 
stars and galaxies 
leads to blurred 
stacked galaxy 
image.

(Chromatic) tree-rings and/or
(chromatic) edge roll-off

may lead to misregistration.
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Second moments of stacked galaxy image.

Istackµ⌫ = Isingle epochµ⌫ + h(µ� µ̄)(⌫ � ⌫̄)i
epochs

Assuming flux is the same in each epoch:

Since this term enters in exactly the same way as the PSF,

Iobsµ⌫ = Igalµ⌫ + IPSFµ⌫

it can be treated as an error in the PSF:
�IPSFµ⌫ = h(µ� µ̄)(⌫ � ⌫̄)i

epochs

Implies the requirement:
q

h
�
~xi � h~xi

�2i < 16 mas
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Corrections: learn SED from photometry

23

• Can correct if you know

• PSF(λ)

• The SED

• Train a machine-learning algorithm to predict 
chromatic bias as a function of photometry.

• Conceptually similar to a photometric 
redshift.
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Corrections: learn SED from photometry
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Meyers+Burchat2014 (arXiv:1409.6273)

http://arxiv.org/abs/1409.6273
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Meyers+Burchat2014 (arXiv:1409.6273)

http://arxiv.org/abs/1409.6273
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Conclusions

• Chromaticity in sensors is probably smaller than in 
the atmosphere or the optics, but still should be 
accounted for.

• Some rough numbers for LSST sensors (when 
individual systematic uncertainties will rival 
statistical uncertainties):

• Uncertainty in d(FWHM)/dλ to ~0.1mas/nm

• Uncertainty in d(e)/dλ to ~0.001/nm

• Individual exposure RMS astrometric shifts 
~16mas. 

25


